The aim of this study was to assess the association of single-nucleotide polymorphisms (SNPs) in IL1R1 with the risk of lumbar disc herniation (LDH) in the Han population in northwest China.
Background
Lumbar disc herniation (LDH) is a primary cause of low-back pain and unilateral leg pain, which is a degeneration and herniation of the nucleus pulposus of intervertebral disc [1] . It is the most common cause of activity limitation in individuals under 45 years of age [2] . With the clinical symptoms of lumbocrural pain, it occurs 18% of the normal population on average in China [3] . Furthermore, more than 20% of patients need surgery to relieve prolonged or aggravated leg pain. Although some risk factors associated with LDH have been reported, its pathogenesis and etiology for the most part unclear. Objective epidemiological evidence suggests that the most determining individual factor in intervertebral disc degeneration is a family history [4] . Varlotta et al. [5] showed that the risk of LDH is estimated to be approximately 5 times greater in patients who have a positive family history.
The intervertebral disc is a fibrocartilaginous tissue, which provides stability and flexibility to the spinal column. It is composed of a central nucleus pulposus and a ring-like fibrous annulus fibrosus mainly composed of type I collagen, type II collagen, and proteoglycan, and providing tensile strength [6, 7] . Several researchers have reported that the excessive degradation and fibrosis of type I and type II collagen are the main causes of disc degeneration [8] . These catabolic processes are thought to be mediated by soluble factors such as the pleiotropic cytokine interleukin-1 (IL1).
Interleukin-1 (IL1) is involved in the inflammatory process of LDH. IL-1b is an active form of IL1 during the inflammatory response, and its expression is increased in LDH patients [9] . IL1R1 encodes cytokine receptor for IL1, through combining with IL-1 on the cell surface affects NF-kB signaling and upregulates inflammation [10, 11] . Millward-Sadler and others have suggested the expression of IL1 and associated receptors in disc degeneration and shown that the IL1R1 is expressed by normal disc cells, with upregulation of IL1R1, during degeneration [12] . Christine et al. [7] confirmed that IL1 gene cluster mutation plays an important role in the pathogenesis of LDH. Nakki and colleagues [13] found that the genetic variation rs2287047 in IL-1R1 gene was associated with severe hand osteoarthritis. Osteoarthritis and LDH can be seen as having a similar etiological pathway, both of which involve the degeneration of collagen [14] . There has been little research on IL1R1 gene polymorphism and LDH.
For the IL1R1 gene, Ren et al. [15] explored the association of the IL1R1 polymorphism (rs10490571, rs956730, and rs3917225) with tuberculosis risk. Xie et al. [16] revealed the association between the IL1R1 gene (rs10490571, rs12712127, rs956730, rs3917225, and rs3917318) and IgA nephropathy. Na et al. [17] analyzed the association between the IL1R1 gene and knee arthritis. However, the relationship between IL1R1 and LDH has not been reported, so this study aimed to investigate the association between 5 SNPs (rs10490571, rs12712127, rs956730, rs3917225, and rs3917318) within IL1R1 gene and LDH susceptibility in a Chinese Han population from northwest China. Our study will provide more significant evidence for further understanding of the LDH pathogenesis.
Material and Methods

Study participants
A case-control study involving a Chinese study population of 498 LDH patients and 463 controls was conducted at the Second Affiliated Hospital of Inner Mongolia Medical University and the Hohhot First Hospital. Inclusion criteria for LDH patients were: patients with typical clinical symptoms who were diagnosed with LDH by imaging studies such as computed tomography (CT), or magnetic resonance imaging (MRI). Symptoms of LDH included: 1) low back pain; 2) partial lumbar spine pain and local typical sciatica; 3) differences in straight leg elevation test and protuberance test; 4) range of LDH. Exclusion criteria for LDH patients were: patients with blood diseases, autoimmune diseases, tumors, trauma, rheumatoid arthritis, and related lumbar spine diseases, including lumbar spinal stenosis, congenital dysplasia of the spine, intraspinal tumor, spondylolisthesis, etc. [18] .
The control group enrolled healthy volunteer with no physical history of sciatica and low back pain. The inclusion criteria of the control group were: 1) no history of waist and leg pain, family history; 2) no trauma, scoliosis, spondylolisthesis, osteoarthritis, rheumatism, rheumatoid arthritis, spinal instability; 3) no history of infection or cancer. All the participants were genetically unrelated ethnic Han Chinese and provided written informed consent for their participation in the present study. The protocols for this study were approved by the ethics committee of the Institutional Review Board of the Second Affiliated Hospital of Inner Mongolia Medical University.
SNP genotyping
We selected 5 candidate polymorphisms (rs10490571, rs12712127, rs956730, rs3917225, and rs3917318) in IL1R1 with minor allele frequency (MAF) more than 0.05 based on the global population from 1000 Genome Projects (http:// www.internationalgenome.org/). Then we used Regulome DB (http://www.regulomedb.org/) and HaploReg v4.1 (https://pubs. broadinstitute.org/mammals/haploreg/haploreg.php) to predict SNP function [19] . Genomic DNA was prepared from peripheral blood samples using the Whole Blood Genomic DNA Extraction Kit (GoldMag Co. Ltd., Xi'an city, Shaanxi, China) according to the manufacturer's instructions. DNA concentrations were measured by NanoDrop 2000 (Thermo Scientific, Waltham, MA, USA). Primers for amplification process and single base extension reactions were designed using the Assay Design Suite V2.0 (https://agenacx.com/online-tools/). SNP genotyping was performed by Agena MassARRAY iPLEX (Agena Bioscience, San Diego, CA, USA) [20] . Genotyping results were output by Agena Bioscience TYPER version 4.0 software [21] .
Statistical analysis
We used Microsoft Excel 2016 and SPSS 21.0 (SPSS, Chicago, IL, USA) for statistical analyses. the Student's t-test and c 2 test were applied to assess the differences in the distribution of age and gender between cases and controls. Allele frequencies of each SNP were analyzed by c 2 test to evaluate whether these polymorphisms departures from Hardy-Weinberg equilibrium (HWE). The c 2 test was used to compare the differences in SNPs allele and genotype frequencies between patients and controls. Multiple genetic model analyses (codominant, dominant, recessive and log-additive) were applied using SNPStats software (http://bioinfo.iconcologia.net/snpstats/start.htm) to appraise the link between SNPs and LDH risk. Then we conducted the stratification analysis according to age and gender to estimate the association between SNPs genotype and LDH risk. Odds ratios (OR) and 95% confidence intervals (CI) were calculated by logistic regression analyses, the wild-type allele was used as a reference. Finally, we used Haploview software (version 4.2) to construct haplotype and to estimate the pairwise linkage disequilibrium, the SHEsis software platform (http://analysis.bio-x.cn/myAnalysis.php) was used to estimate the association between haplotype and LDH risk [22] . All P-values were 2-sided, and P<0.05 was considered to have significant differences. All of the aforementioned statistical analyses were performed on 5 SNPs (rs10490571, rs12712127, rs956730, rs3917225, and rs3917318) of the IL1R1 gene.
Results
Demographic characteristics
The study included 498 LDH patients (200 female and 298 male) and 463 controls (198 female and 265 male). No significant difference in gender and age was observed between the patient and control groups (P>0.05). The mean age ± standard deviation of 498 patients (age £50 years, 233 cases; age >50 years, 265 cases) was 50.27±12.53 years, and the average age of control group (age £50 years, 216 cases; age >50 years, 247 cases) was 50.65±11.8 years (Table 1) .
Basic information and allele frequencies of IL1R1 polymorphisms are shown in Table 2 . The genotype distribution of all SNPs in control participants met the HWE (P>0.05). To evaluate the function of the selected SNPs, we use Regulome DB Score and HaploReg for database analysis, results in Table 2 show that Regulome DB score of rs10490571 loci was 2b, and show that the SNP might affected the binding; the score of rs956730 was 4 and other 3 SNPs (rs12712127, rs3917225,and rs3917318) had Regulome DB score of 5, which were classified as "minimal binding evidence". HaploReg function annotation results revealed that SNPs associated with LDH risk were successfully predicted to have biological functions, the results showed that rs10490571 might be a functional loci of DNAse, proteins bound, motifs changed, and selected eQTL hits; rs12712127 had the potential function of selected eQTL hits; rs956730 might have the function of DNAse and motifs changed; rs3917225 had the potential motifs changed and selected eQTL hits functions; and rs3917318 might have the function of DNAse and Motifs changed. Genotype frequencies of the IL1R1 polymorphisms were described in Supplementary 
SNPs and the risk of LDH
In stratified analysis by gender, we found that the SNP IL1R1 rs956730 was not significant in females, while it was statistically significant in males ( Table 2 ).
In stratified analysis by age, we found that the SNP rs10490571 was not significant among people under 50 years of age, but was statistically significant in people older than 50 years of age ( LDH and haplotypes at chromosome 2q12.1
Finally, 2 IL1R1 polymorphisms (rs10450571-rs12712127) mapped to a 9kb LD block and showed 2 haplotypes with frequencies of more than 0.05 in our study participants (Table 5 ). The red squares of the IL1R1 LD block presented significant linkage between the 2 SNPs in Figure 1 . Unfortunately, there was no significant difference among any of the IL1R1 haplotype frequencies in patients and controls.
Discussion
It is well known that genetic factors play an important role in the development of LDH. However, only a few genetic risk factors for LDH have been identified in Chinese population.
In our case-control study, we genotyped population of northwest China. Our data showed that the SNPs rs956730 and rs10490571 were significantly associated with LDH susceptibility.
LDH is a degenerative disease that can cause neuropathic symptoms of spinal cord pain syndrome and nerve root ischemia. In addition, a variety of inflammatory related factors can also induce lumbar disc degeneration and nerve root pain, further accelerate inflammation and intervertebral disc formation, this vicious circle will deepen the lumbar disc degeneration and pain. IL1 is a protein coding gene, the protein encoded by this gene is a member of the interleukin 1 (IL1) cytokine family. This cytokine is a pleiotropic cytokine involved in various immune responses [23] , inflammatory processes [24] , and hematopoiesis [25] . Inflammation is regulated by a series of corresponding receptors, downstream signaling pathways and cytokines. It has been suggested that the polymorphism of IL1 genes is associated with rheumatoid arthritis [26] . Moen et al. [27] indicated that IL1 was associated with chronic lumbar radicular pain. IL1R1 belongs to IL1 family, and IL1R1 has reported to be involved in inflammatory reactions [13] . Latiano et al. [28] indicated that the genetic polymorphism of IL1R1 was correlated with inflammatory bowel disease. Na et al. [17] revealed that IL1R1 gene polymorphisms are associated with knee osteoarthritis risk. Therefore, we present a reasonable hypothesis related to IL1R1 in the pathogenesis of LDH. And in this study, we found that 2 SNPs (rs956730 and rs10490571) mutations in the IL1R1 gene are associated with susceptibility to LDH, validating our hypothesis.
In addition, there was a meaningful finding in our research that gender and age play important roles in the development of LDH. Within the disc structure, collagen is essential for the biomechanical stability and the overall property. Zhang et al. [29] found that age was inversely correlated with collagen synthesis, suggested that with the increase of age, the decreased collagen synthesis will affect the stability of intervertebral disc structure and lead to the occurrence of related diseases such as LDH. Boos et al. [30] reported that intervertebral disc degeneration is part of aging process. Compared with young people, the collagenous matrix in the discs of the elderly was significant changed [31] . Our studies showed that the recessive model of rs10490571 in the IL1R1 gene was associated with an increased LDH risk among people older than 50 years of age. It was consistent with previous research that hinted that people older than 50 years of age with rs10490571 mutations in IL1R1 were more likely to develop LDH. Moreover, according to the results of the Regulome DB database, it was speculated that rs10490571 is a binding site for various proteins such as HNF4A, MYBL2 and CDX2. CDX2 has been found to be involved in the body's immune response [32] , and differences in CDX2 expression might lead to disease. Thus, we hypothesized that the rs10490571 mutation might affect the binding of CDX2 to cause differential expression of the protein, leading to the occurrence of LDH. Furthermore, our research indicated that the "AA" genotype model and recessive model of rs956730 in the IL1R1 gene was associated with increased LDH risk in males. This was similar to the research Miller et al. [33] conducted, who found that disc degeneration occurred significantly more often in males. Min et al. [34] proved that LDH was more likely to occur in males. The reason might be that males tend to perform heavier work and have a higher body weight than females. In addition, the Regulome DB database suggested that rs956730 is a binding site for the POLR2A protein, and it has been reported that POLR2A is involved in neuroinflammatory responses [35, 36] . Therefore, we speculated that the pathogenesis of LDH might be related to the change of POLR2A expression caused by rs956730 locus variation.
Unfortunately, we did not find a significant association between the other 3 SNPs (rs12712127, rs3917225, and rs3917318) on the IL1R1 gene and susceptibility to LDH. Na et al. [17] also found that they were not significantly associated with knee arthritis. The reason for this phenomenon might be the limitations of the sample size of this study. In future studies, we will increase the sample size for further verification.
Conclusions
Our study demonstrated a significant association between the IL1R1 gene polymorphism and susceptibility to LDH in the Han population of northwestern China, especially the mutations of rs956730 and rs10490571 were found to be significantly associated with the susceptibility of LDH, which might provide new insights into therapeutic targets for LDH.
Ethics approval and consent to participate
This study was approved by the ethics committee of The Second Affiliated Hospital of Inner Mongolia Medical University. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. All participants were informed both in writing and verbally to the procedures and purpose of the study and signed informed consent documents. 
